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Monsanto’s Transgenic Plant Pipeline:
Sequencing 1,000’s of plasmids per year
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Increasing Clone Complexity Required New Solutions for
Plasmid Sequencing & Analysis

Clone Complexity & Sequencing Costs
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* NextGen sequencing offers significant savings & reduced processing time
* lllumina was demonstrated to be optimal NGS platform for plasmid sequencing
« Scalable and accurate finishing tools were needed for lllumina sequence reads
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Requirements for HTP Plasmid Finishing Platform

O Performance, Accuracy & Scalability
O Support structurally challenging plasmids
0 Support for multiple sequencing platforms
O Hybrid assemblies (across platforms)
O User configurable & flexible parameters
* Read trimming
« Mutation detection (SNPs)
* Insertion & Deletion detection (DIPs)

0 Usability & User Interface

O Easily edit/manipulate assemblies
O Execution from both UNIX and GUI environments
O User friendly visualization tools

U Integration with in house corporate research data systems

L Customization of finishing workflows

=) CLC bio was chosen as next gen finishing tool, given these criteria
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Demonstrated identical finishing results for structurally

complex plasmids using lllumina and CLC Bio

Plasmid Known Complex Observed Seq Observed Seq
Sequences Sanger + CONSED lllumina + CLC bio
Plasmid A None V] V1
Plasmid B Mixed Population | v
Plasmid C Homopolymer tracts o V]
) Homopolymer tracts
Plasmid D Tandem Repeats M M
) Homopolymer tracts
Flestel = Inverted Repeats |Zl |Zl
Homopolymer tracts
Plasmid F Inverted Repeats ™ |
Tandem Repeats
Plasmid G Large Insertion |z| |zl
Plasmid H Large Deletion |Z| |ZI
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Overview of the Current Sequencing & Finishing Process
with lllumina and CLC bio

Glycerol Plasmid Clone Re-array &
Receipt DNA Isolation DNA Normalization

MiSeq Library Quantification &
Sequencing Pooling

Qucbio | f i
'[Reviewed

Accelerating Scientific Research , | = X "‘ \ \
Assembly & Analysis in Review
CLC bio Sequence Clones
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s,
Automated Assembly & Analysis Workflow in

CLC bio streamlines workflow
Assembly & « The CLC bio Genomics Server and Command line tools

Analysis Workflow enable efficient parallel processing of large batches of
constructs

—

Prepare Config file

unix:> Jeleserver -S server -U user -W password -A
read_mapping - input_reads --references reference
-d save_destination

* For the non-UNIX user, command line tools can be easily run in the
GUI (CLC Genomics workbench)

= 11
= Show ctl+0
@ Recyde bin (0) Show
| ] New ,
Q- [<enter search term> (5 Frising Tools
| b Crl+x 22 Algnments and Trees
[ copy ctl+C [/ General Sequence Analyses
[ Paste trl+V {JA Nudieotide Analyses
411 Delete Delete 7 Protein Analyses
£2 mport... i+ {7 Sequencing Data Analyses b
4 Export... Ctrl+E [ Primers and Probes
) Permissions... & Cloning and Restriction Sites »
(g Local Search... Ctrl+F b?p RNA Structure
Sort Folder Ctrl+shift+R ] Expression Analysis
45) Update Folder 5 2K Trim Sequences...
Restore = De Novo Assembl
@ Empty Recyde 5 MapR o Reference...
Locati [24] Create Detailed Mapping Report...
Tty > =1 Merge Mapping Results...
No Processes J54 SNP Detection...
JEA DIP Detection...
£- ChIP-Seq Analysis...
2 RNA-Seq Analysis..
[®y Expression Profiing by Tags »
[= Small RNA Analysis
l Review Assemblies £ Miteang
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Identification of low coverage regions with the
“Contig Analysis” tool

Easy identification of

low coverage areas

==s_7_1_sequenc... X |

pPMON151346 CCTCCCATCCCCCCAA

Low coverage:

/Low coverage=Region with coverage equal to or below 30
CCCCCTCGCTG

Consensus CCTCCCATCCCCCCAACCCTACCACCACCACCACCACCACCTCCACCTCCTCCCCCCTCGCTG
47365

2.3 Coverage |

evel distribution

Coverage level distribution

Positions

s_7_1_sequence.trim (... Broken pair
s_7_1_sequence.trim (... Broken pair
s_7_1_sequence.trim (... Broken pair
s_7_1_sequence.trim (... Broken pair
s_7_1 s e.trim (... Low co

2793 2793 1
2795 2797 3
2800 2855 56

Coverage
0,
CCTCCCA[TCCCCCCAACC CACCACCACCTCCACCTCCTCCCCCCTCGCTG
CCTCCCA[TCCCCCCAA CCACCTCCTCCCCCCTCGCTG
ACCACCACCTCCACCTCCTCCCCCCTCGCTG
ccTCcc CCACCACCACCACCTCCACCTCCTCCCCCCTCGCTG
CCTCCCA ACCACCACCACCACCACCTCCACCT
ccTccc CCACCACCACCACCTCCACCTCCTCCCC
TCCCCCCAACCCTACCACCACCACCACCACCACCTCCAC
CCACCACCACCTCCACCTCCTCCCCCCTCGCT
CCTCCCATC
[CC]TCCCA'TCCCCCCAACCCTACCAC B 2.2 Coverage statistics
<
1 B2 (R [ Total reference length 11,222
5 Coverage table x | Minimum coverage 6
Maximum coverage 4,736
o= Cor=rageltaiie Fl=r Average coverage 2,118.12
Standard deviation 85563
Sequence name Feature type - Start position End position Length

—
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The “Primer Creator” tool helps to streamline

efforts

to close gaps

=—s_7_1_sequenc...

|

pPMON151346 CCTCCCA|

Low coverage:
/Low coverage=R

CccccccAaAa

ion with coverage equal to or below 30

CCCCCTCGCTG

Consensus CCTCCCATCCCCCCAACCCTACCACCACCACCACCACCACCTCCACCTCCTCCCCCCTCGCTG
4738

Coverage
0,

E Primer Creator

CCTCCCA[TCCCCCCAACC
CCTCCCA[TCCCCCCAA

CACCACCACCTCCAC(H

CCAC(
ACCACCACCTCCAC(H

1. Choose where to run

ccTcc CCACCACCACCACCTCCAC(
CCTCCCA| ACCACCACCACCACCACCTCCAC(
ccTccc CCACCACCACCACCTCCAC( Select one or mor:
TCCCCCCAACCCTACCACCACCACCACCACCACCTCCAC 2 LS =
ACCACCACCACCTCCAC( nucleotide sequences
CCTCCCATC
2450 2500 2550
| | |
Fwd (2457, 2475) Low coverage N
1 >
pMON151346
Consensus
4736
Coverage N
0 N
— E— - -4
—_— — -
(
-—— - —— — — — — l:
4 (il (2 '

=SEEEAY

|

'BEHs_7 1 sequenc... X }

Rows:2  Primer table Filter: G
Sequence ... Primer seq...| Startpositon = End position | Length Score Direction | Melting temperature | GC content | Self annealing Self end annealing
pMON151346 CGCCACTA... 2457 2475 19 41 Forward 53.40 47.37 18 3
PMON151346 AAGAAAGA... 2605 2622 18 43 Reverse 57.36 55.56 6 6
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Simplified variant detection with the “SNP Detection” tool

SN tection X|

1. Choose where to run

2. Select read mappings

3. Set SNP parameterf

Eds_5_1_sequenc... x I \

) — [f:
- Vv

Reference ... I Consensus ... IVariaﬁon Typel Reference I Variants lAlIeIe Variat... I Frequencia‘
3126 3126 SNP A 1T 99.8
3131 3131 SNP G iC 99.9

e | | ——  Workflow specific

' optimization of SNP
calling parameters is
critical for accuracy!

T-CCT-CA-ACGTGCTGATGAA -CCC-CACCC -GCACCGG-CCTCA-TCCTGACG-CTGC-AGG-AAATG-

T-CCT-CA-ACGTGCTGATGAA -CCC-CACCC -GCACCGG-CCTCA-TCCTGACG-CTGC-AGG-TAATG-CIGCGCCGACATCGAA

d

1-LUI “UA-ALLILLI LA ITGAA-LLL - LELLL "BULALLLLG - LU LILELL-LILL-ALL - TAA L -BOLLLLLAL
T-TCT-CA-ACGTGCTGATGAA-CCC-CACCC - GCACCGG CCTC

T-CCT-CA-ACGT TGAG-CCC-CACCC -GCACCGG-CCTCA-TCCTGACG-CTGC-ABG-TAATG- CG
T-CCT-CA-ACGTGCTGATGAA -CCC-CACCC -G G-CCEBCA-TCCTGACG-CTGC-AGG-TAATG- AGTCATC
T-CCT-CA-ACGTGCTGATGAA -CCC-CACCC -GCACCGG

T-CCT-CA-ACGTGCTGATGAA -CCC-CACCC -GCACCGG-CC CCTGAEG-CTGC-AGG-TAATG-HGCGCCGACATCGAAGTCATCA/

CA-ACGEGCTGATGAA -CCC-CACCC -GCACCGG-CCTCA-TCCTGACG-CTGC-AGG-TAATG- CGCCGACATCGAAGTCATC
T-CCT-CA-ACGTGCTGATGAA -CCC-CACCC -GCACCGG-CCTCA-TCCTGAC AGG -BAATG- CGCCGACATCGAAGTCATC
T-CCT-CA-ACGTGCTGATGAA-CCC-CACCC -GCACCGG-CCTCA-TCC AGG -GAATG-BGCGCCGACATCGAAGTC

GGCG
T-CCT-CA-ACGT TGAA -CCC-CEBCCC -GCACCGG-CCTCA-TCCTGACG-CTGC-AGG-TAATG-BIGCGCCGACATCGAAGTCAT GGCGGTCCT -G

T-CCT-CA-ACGTGCTGATG

T-CCEB-CA-ACGTGCTGATGAA -CCC-CACCC -GCACCGG-CCTCA-TCCTGACG-CTGC-AGG-TAATG-BIGCGCCGACATCGAAG CGGC -G -AAG TGGCGGACCT -GC
CGACATCGAAGTCATCA -ACCCGCGCC CGGC -G -AAG- TGGCGGACCT -GC
AA -CCC-CBCCC-GCACCGG-CCTCA-TCCTGACG-CTGC-AGG-TAATG- CGCCGACATCGAAGTCATCA -ACCCGC BCGGG -G - AAG - TGGCGGACCT -GC
T-CCT GATGGA -CCC-CACCC -GCACCGG-CCTCA-TCCTGACG-CTGC-AGG-TAATG- CGCCGACATCGAAGTCATCA -ACCCGCGCCT GCGGC-G-AAG-ANQ (G
T-CCT- CA ACGTGCTGATGAA CCC-CACCC -GCACCGG-CCTCA-TCCTGACG-CTGC-AGG-TAATG A r N
2 T-C ACGTG!TGATGAA-CCC-CACCC-GCACCGG-CCTCA-TCCTGACG-CTGC-AGG~TAATG-'GCGCCGACATCGAAGTCATCA-ACCCGCGCCT
H C§ T-CCT-CA-ACGTGCTGAT CC-CEBCCC-GCACCGG-CCTCA-TCCTGACA-CTGC-AGG-TAATG-BGCGCCGACATCGAAG ccclicceeT CGGCGGC G-AGG-AC-GTGG CT-GC

4] T-CCT-CA-ACGTGCTGATGAA -CCC-CACCC -GCACCGG-CCTCA-TCCTGACG-CTGC-AGG-TAATG

V

T-CCT-CA-ACGTGCTGATGAA -CCC-CACCC -GCACCGG-CCTCA-TCCTGACG-CTGC-AGG-TAATG
T-CC

CCCGCGCCTTGCCGGCGGC-G-AAG-AC-GTGGCGGACCT -GC
CA -ACCCGCGCCTTGCCGGCGGC-G-AAG-AC-GTGGCGGACCT -GC
T-CCT-CA-ACGTGCTGATGAA -CCC-CACCC -GCACCGG-CCTCA-TCCTG CGAAGEBCATCA -ACCCGCGCCTTGCCGGCGGC-G-AAG-AC-GTGGCGGACCT -GC
T GTG!TGATGAA-CCC-CACCC-GCACCGG-CCTCA-TCCYGACG-CTGC-AGG-TAATG-HGCGCCGACATCGAAGT

T-CCT-CA-ACGTGCTGATGAE -GCC-CACCC -GCACCGG-CC TGATG-CTGC-AGG-TAATG- CGCCGACATCGAAGTCATCA -ACCCGCGCCTTGCCGGCGGC-G-AAG-AC-GTGGCGGACCT -GC
T-C CGTGCEGATGAA -CCC-CACCC -GCACCGG-CCTCA-TCCT CTGA-AGG-TAATG- CGCCGACATCGAAGTCATCA -ACCCGCGCCTTGCCGGCGGC-G-AAG-AC-GTGGCGG————
T-CCT-CA-ACGTGC AA -CCC-CEBCCC -GCACCGG-CCTCA-TCCTGACG-CTGC-AGG-TAATG-BGCGCCGACATCGAAGTCATCA -ACCCGCGCCTTGCCGGCGGC -G -AA TGGGGGACCT -GC
T-CCT-CA-ACGTGCTGATGAA -CCC-CACCC -GCACCGG-CCTC GACG-CGGC-AGG-TAATG-EBIGCGCCGACATCGAAGTCAT CGCACCTTGCCGGCGGC-G-AAG-AC-GTGGCGGACCT -GC.
I
I
— A-TCCTGACG-CTGC-AGG-TAATG-HGCGCCGACATCGAAGTCATCA-ACCCGCG CGGAGGC -G -AAG-AC-GEGGCGGACCT -GC
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“DIP Detection” for Deletions & Insertions

5. DIP Detection

1. Choose where to run

=

DIP Detection Table

X

GGTCCTAAGGTAGCGAATC -GT -TCTTCTTGGCGCGCCAAGACGCAAACTCGGACCGACGGTACCGGTCCGATTGAGACTTTTCAACAAAGGGTAATATCCGGAAACC

GGTCCTAAGGTAGCGAATC -GT - TCTTCTTGGCGCGCCAAGACGCAAACTCGGACCGACGGTACCGGTCCGAT TGAGACTTTTCAACAAAGGGTAATATCCGGAAACC

pae

i

Reference Position | Consensus Position | Variation

3206 3206 DIP GGTCCTAAGGTAGCGAATC -GT-TCTTCTT

“I T GGTCCTAAGGTAGCOAATC -GT-TCT
AATG-GT-TCTTCTTGGCGCGCC

G, CLC Genomics Workbench 4.8 GGTCCTAAGGYAGCGAAYC GT-TCTTCTTGGCGCGCC
File Edit Search View Toolbox Workspace elp

GGTAGCGAATC -GT-TCTTCTTGGCGCGCC
GTAGCGAATC -GT-TCTTCTTGGCGCG

G
GAATC -GT-TCTTCTTGGCGCG
ATC -GT-TCTTCTTGGCGCG
N

/ The de novo
assembly tool helps
to resolve large
insertions or
\\ deletions!

AT

ATC -GT-TCTTCTTGGCGC
ATC -GT-TCTTCTTGGCGC

ATC -GT-TCTTCTTGGCGC

ATC -GT-BCTTCTTGGCGC
AATC -GT-TCTTCTTGGCGC

TAGCGAATC -GT-TCTTCTTGGRGCGEC
GTAGCGAATC -GT-TCTTCTTGGCGCG{C

AAGGTAGCGAATC -GT-TCTTCTTGGCGCG

tGGTCCT
GGTCCTAAGGTAGCGAATC
GGTCCTAAGG

= b, Finishing Tools
W5 Add Sequences to Contig v2
L 5 Amplicon Creator
% Contig Aligner

TGARACTTTTCAACAAAGGGTAATATCCGGAAACC

G G c
GTCCGAT TGAGACTTTTRAACAAAGGGTAATATCCGGAAACC

GGTATTATCCGGAAACC
G

GGYCTGAT TGAGACTTTTCAACAAAGGGTAATATCCGGAAACC
G

G
ACTTTTCAACAAAGGGEAATATCCGGAAACC

G
G
GETCCGATTGAGACTTTTCAACAGAGGGTAATATCCGGAAACC
T

B ld

—ccrcc TAAGGTAGCGAATC -GT - TCTTCTTGGCGCGCC

%5 Contig Analysis GGTCCTAAGGTAGCGAATC -GT-TCTTCTTGGCGCGCC G

87 Contia Spitter GGTCCTAAGGTAGCGAATC -GT - TCTTCTTGGCGCGC

... @ Delete Annotations GGTCCTAAGGTAGCGAATC -GT-TCTTCTTGGCGCGCC G

.5 Detect Consensus Low Quality GGTCCTAAGGTAGCGAATC -GT-TCTTCTTGGCGCGCC

-5 primer Creator

- Ly Reassemble

Ty GGTCCTAAGGTAGCGAATC -GT - TCTTCTTGGCGCGCC G T
Processes Too[,oxl
@ [E1de... e
G
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Denovo assembly used to resolve Indels

9 De Novo Assembly ,

X|

Select sequencing reads
z - . |'G' ach pxmcters 9 De Novo Assembly X|
Rows: 658 Filter: =
Name Consensus length Total read count Single reads Reads in pairs Average coverage
s_1_1_sequence (... 10819 62002 11160 50842 697.31 A
s_1_1_sequence (... 595 B 3 6 2.07 |
s_1_1 sequence (... 596 9 1 8 2.17
s_1_1 sequence (... 259 6 0 6 3.08
s_1_1 sequence (... 339 12 8 4 2.72
s_1_1 sequence (... 276 4 2 2 2.05
[V Update contigs &
[~ Create list of un-mapped reads \
k ! )% | <P Next |  Fn
typicat 2 | s | € previous | [T PNt
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CLC Bio Meets Requirements for Monsanto HTP Plasmid Finishing

[Vl Performance, Accuracy & Scalability
[Vl Support structurally challenging plasmids
[ Support for multiple sequencing platforms
[V Hybrid assemblies (across platforms)
[V User configurable & flexible parameters
Read trimming

Mutation detection (SNPs)
Insertion & Deletion detection (DIPs)

[] Usability & User Interface

Easily edit/manipulate assemblies
[V1 Execution from both UNIX and GUI environments
[V User friendly visualization tools

V] Integration with in house corporate research data systems

[] Customization of finishing workflows




Additional CLC bio capabilities are also used across Monsanto

In silico cloning & plasmid design

« Sanger sequence review/assembly

» Plasmid sequencing & finishing via Sanger & lllumina A
« Genome assembly for microbes and plants .5;:

« DNA and Protein alignment for research teams

... and much more!
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